Background: Temporary abdominal closure (TAC) is increasingly common after military and civilian major trauma. Primary fascial closure cannot be achieved after TAC in 30 per cent of civilian patients; subsequent abdominal wall reconstruction carries significant morbidity. This retrospective review aimed to determine this morbidity in a UK military cohort.
Introduction
The treatment of patients with severe abdominal injury has been revolutionized by the concept of damage control laparotomy (DCL). As opposed to definitive laparotomy, involving a full laparotomy with definitive repair of all injuries, which might take several hours, DCL minimizes the time initially spent in theatre and so reduces the impact of acute trauma coagulopathy and its consequences. In DCL, the patient undergoes a shortened initial laparotomy, typically limited to arrest of haemorrhage (with shunting or repair of major vascular injuries), control of hollow visceral injury by oversew or resection and stapled closure of bowel (leaving the closed ends in discontinuity), and application of temporary abdominal closure 1 . DCL is associated with a substantial reduction in hospital mortality after major vascular and enteric trauma, compared with traditional definitive laparotomy 2 . One of the key limitations of DCL is the need to manage the open abdomen after the initial procedure. A variety of techniques for temporary abdominal closure (TAC) have been developed to support the management of the patient during this period, pending definitive surgery to close the abdominal fascia, including the vacuum pack 3 , the Wittmann patch 4 , the Bogota bag 5 , mesh/sheet closure 6 , dynamic retention sutures 7 and mesh-mediated fascial traction 8 . Alternatively, the abdomen may be left open to heal by secondary intention, leading to a planned ventral hernia, repair of which can be undertaken subsequently 9 . Although the abdomen may be closed conventionally (primary fascial closure, PFC) in patients who have stabilized rapidly, the proportion who undergo PFC after a period of management with an open abdomen appears to vary considerably, depending on the initial indication for surgery. Intra-abdominal sepsis is the commonest indicator for open abdominal management in civilian practice in the UK 10 , and was associated with PFC in less than half of the 233 patients studied in one review 11 . In contrast, much higher rates of PFC (almost 70 per cent) have been reported after DCL for trauma, which remains the most common indication for this treatment in the USA 11 .
Approximately 10 per cent of wounds sustained during military operations are to the abdomen 12 . If, as indicated above, almost 30 per cent of military patients managed with an open abdomen are not suitable for PFC, it was hypothesized that a significant number of service personnel with abdominal injury would require later abdominal wall reconstruction. The extent of these problems, the resulting morbidity and mortality, and resource implications for British military (and civilian) surgery are currently unclear. The aim of the present study was to study the management of the abdominal wall following injury in the recent conflicts in Iraq and Afghanistan, to determine the rates of PFC and need for subsequent abdominal wall reconstruction in patients treated after a period of open abdominal management, and to assess the resulting morbidity and mortality. The study reports outcome in accordance with the PRO-CESS guidelines for case series 13 .
Methods

Sources of data
The Joint Theatre Trauma Registry (JTTR) is an electronic database established to aid service improvement in the treatment of military casualties. It has an entry for all deployed trauma cases (initially only those requiring trauma team activation, but then expanded to include all injured patients repatriated to the Royal Centre for Defence Medicine (RCDM) since the start of the second Gulf conflict in 2003). Data are collected prospectively in the field hospital, as each major trauma occurs, by the deployed trauma nurse co-ordinator, one of whom is on-call for data collection 24 h a day. Data quality is therefore dependent on the training of these individuals, along with the training of the scribe for each individual major trauma 14, 15 . Data on patients transferred to the RCDM were obtained by direct access to the RCDM clinical records. The Defence Medical Information Capability Project (DMICP) is the primary care records system for the UK Armed Forces. Records for current and ex-serving personnel can be accessed remotely from any DMICP terminal. The records of all patients who had undergone a laparotomy in a deployed medical treatment facility were also searched, to determine whether the patients identified from review of the JTTR subsequently required treatment for complications of their trauma laparotomy in hospitals other than RCDM or in primary care.
Data collected
The JTTR was searched for all patients who had sustained an abdominal injury during military operations between 1 January 2003 and 31 December 2014. The JTTR entries for these patients were reviewed to exclude patients who had not been repatriated to RCDM and those with abdominal injuries so minor that they did not require a laparotomy. The remaining patients all had their mechanism of injury, Injury Severity Score (ISS) 16 and Penetrating Abdominal Trauma Index (PATI) score 17 calculated, as well as the volume and type of resuscitation fluid used. After the patient had been loaded on to the aeromedical evacuation flight and arrived in RCDM, fluid resuscitation data became less reliable as notes were split between multiple records. For this reason, fluid resuscitation data for all patients were analysed only for the first 24 h after injury. Medical notes were also reviewed at RCDM to determine the indication for laparotomy, operative findings, the technique used for closing the abdominal wall and any subsequent abdominal reconstruction required, and the length of hospital and ICU stay. RCDM notes and primary care records were reviewed to determine long-term complications, including mortality, intestinal fistulation, hernia and subsequent hospital admissions with intestinal obstruction. Primary care records were available up until the patient left the Armed Forces, which was defined as the end of follow-up. All entries for all planned and unplanned care were reviewed for all patients during this period, specifically noting a clinical diagnosis (and treatment) of hernia, intestinal fistula and intestinal obstruction.
The data recorded in the JTTR were confirmed by examination of the medical records. Abdominal closure at the initial laparotomy was defined as early primary closure (EPC) 18 . Injuries were classified according to cause as either from gunshot wound (GSW), penetration from weapons such as grenades and mortar, or nearby blast from weapons such as improvised explosive devices, with and without abdominal penetration.
Ethical permission
This study was registered with RCDM (RCDM/Res/ Audit/1036/14/0432) and University Hospitals Birmingham (CARMS-11957). No patient identifiable data were recorded.
Statistical analysis
Non-parametric data are expressed as median (range). Comparisons between groups were undertaken with the Mann-Whitney U test. Categorical data were analysed using Fisher's exact test and χ 2 test. Kaplan-Meier survival curves were constructed, and compared with the log rank test. Statistical significance was defined as P < 0⋅050. Data were analysed using GraphPad Prism ® 7 (GraphPad Software, San Diego, California, USA).
Results
The JTTR showed that 612 patients had sustained an abdominal injury of some kind. Patients who did not return to the RCDM, because they had died, been discharged or returned to duty as their injury was only minor, were excluded, leaving 241 sets of case notes for review ( Fig. 1) .
Laparotomy was performed in a total of 155 patients who survived to be repatriated to the RCDM. It was undertaken to achieve proximal vascular control or to defunction the bowel for severe open pelvic injury in 23 patients ( Table 1) .
Abdominal injury was identified after initial assessment in 143 patients. Ten of these patients (7⋅0 per cent), with a median ISS of 18⋅5 (5-29), were treated conservatively; seven had a non-penetrating injury and three a penetrating injury. It was not possible to determine whether or not a laparotomy had been performed in two patients (1⋅4 per cent), as their case notes were missing. The remaining 131 patients (91⋅6 per cent) underwent laparotomy for suspected intra-abdominal injury; no intra-abdominal pathology was found at laparotomy in 11 (8⋅4 per cent) of them.
Of the 155 patients who underwent laparotomy, 77 (49⋅7 per cent) had abdominal closure at the initial procedure (EPC) and TAC was used in 73 patients (47⋅1 per cent). In five patients (3⋅2 per cent) it was unclear which method of abdominal closure had been used, or the notes were unobtainable; these patients were excluded from further analysis. Of the 73 patients who had TAC, 66 were managed with a vacuum pack and two with a Bogota bag; the method was not recorded in five patients ( Table 2 ). All patients were men. Overall survival rates were similar between the two groups (Fig. 2) .
Of the 73 patients who had TAC, two died before abdominal closure and two had significant abdominal wall loss from blast injury and were therefore not suitable for primary closure. Delayed primary closure (DPC) was undertaken in 65 of the 69 patients in whom it was possible, giving a primary fascial closure rate of 94 per cent after a median of 2 (2-7) procedures, at a median of 2 (2-8) days after the first laparotomy. Of the remaining four patients, one was managed with an anterior thigh flap and the other three were managed with separation of components with reinforcement by prosthetic material. The four patients who were unable to undergo DPC showed no significant difference in terms of age (29⋅5 versus 24 years; P = 0⋅167), ISS (29 versus 32; P = 0⋅660), volume of crystalloid in the first 24 h (1⋅75 versus 2 litres; P = 1⋅000) or volume of red blood cells in the first 24 h (15 versus 17 units; 
Complications
Primary care records were obtainable for 146 (94⋅2 per cent) of the 155 patients. Median duration of follow-up after injury was 1257 (1-4677) days. Overall, there was a significant rate of reattendance to medical services, for hernia formation (12⋅9 per cent), intestinal obstruction (4⋅5 per cent) and requirement for unplanned laparotomy (7⋅1 per cent), but the rates of these complications did not differ significantly between patients who had EPC and those who had TAC ( Table 3 ). The median time to presentation with hernia was 803 (15-1610) days in the TAC group and 1175 (507-1589) days in the EPC group (P = 0⋅345). Unplanned relaparotomies were undertaken for bleeding (2), stoma problems (2), rectus muscle necrosis (2), intra-abdominal sepsis (2), anastomotic leak (1), small bowel obstruction (1) and to create a colostomy (1).
Patients with an isolated penetrating abdominal injury who underwent TAC stayed in the ICU for a median of 9 (2-49) days and were in hospital for 31 (6-124) days; their median ISS was 20⋅5 (5-57). Patients who had EPC had a significantly shorter ICU stay (2 (0-20) days; P < 0⋅001) and hospital stay (15 (6-68) days; P < 0⋅001); their ISS was 10⋅5 (1-41) (P = 0⋅003).
Discussion
These data confirm that military patients requiring trauma laparotomy during recent UK combat experience are an extremely severely injured cohort, with a median ISS of 26 and a median transfusion requirement of 8⋅5 units of red blood cells in the first 24 h after injury. The study also confirms that damage control surgery has been widely adopted by UK military surgeons, with 47⋅1 per cent of service personnel injured between 1 January 2003 and 31 December 2014 undergoing TAC at primary laparotomy in military treatment facilities. The TAC cohort was much more severely injured than the EPC cohort, but had a similar 30-day mortality rate (3 versus 1 per cent respectively).
PFC was achieved in nearly all patients in the TAC cohort after a median of 2 (range 2-7) procedures. Complication rates were modest and did not differ significantly between TAC and PFC groups. An overall incisional hernia rate of 12⋅9 per cent is similar to the 12⋅8 per cent rate reported in a meta-analysis of emergency and elective laparotomies 19 , and the small bowel obstruction rate of 4⋅5 per cent compares favourably to the rate of approximately 9 per cent reported previously 20 following laparotomy in civilian practice. Unplanned relaparotomy was required in 9 per cent of patients who had EPC, but only in 5 per cent of patients who underwent TAC, suggesting that DCL may have been underused in some patients who would have benefited from the damage control techniques, including abdominal packing. Follow-up was good in this military cohort, and an incisional hernia was identified in 13 per cent of the EPC cohort and 12 per cent of the TAC cohort. Specific details of the methods used for laparotomy wound closure were not available, and might conceivably have affected the rate of incisional hernia development. However, it seems unlikely that this would have introduced a systematic bias into the outcome of abdominal closure, as there is no reason to suspect that closure techniques would not have been distributed evenly among the patient cohorts.
The results of this study provide no evidence to support the hypothesis that the increasing use of TAC might result in significant numbers of UK service personnel requiring early abdominal wall reconstruction. The 94 per cent rate of direct primary closure following TAC compares favourably with rates from other published series. This may partly be due to the youthfulness and fitness of this cohort. The largest series 21 to have examined this issue previously reported on the outcome of 572 patients with a mean age of 39 years, and 20 per cent of the patients being over 55 years, compared with the median age of 25 years in the present cohort, and no patient aged over 55 years. This previous study 21 noted a DPC rate of only 59 per cent. Although these patients were older than those reported here, they were less severely injured, with an ISS of 29⋅6, compared with 32 for the TAC cohort in the present study. Other than age, no explanation for this difference in closure rates is apparent. One American study of civilian trauma 22 achieved 100 per cent closure rate in a subset of 29 patients using a sequential closure protocol, although the authors did not discuss why other patients in their series did not follow the same protocol.
There have been few studies addressing the outcome of management of the open abdomen after penetrating trauma, and almost nothing is known about longer-term outcome in a group of patients who increasingly survive their injuries, and who may therefore present clinical challenges for both military and civilian surgical practice.
A Scandinavian study 23 followed 55 patients who underwent TAC for 5 years with interviews and a physical examination, and found a cumulative hernia rate of 61 per cent over this time. The percentage of trauma patients in this group of 55 was not provided, and this group of patients was taken from a larger cohort of 155 described in an earlier study 8 , of whom only 6 per cent were trauma patients. Although a prospective study with a carefully planned protocol of regular telephone, clinic and even cross-sectional radiological follow-up would have been more scientifically robust, and very likely have identified more hernias, this would not have been practical in such a large study of patients with varying follow-up and clinical need. The hernia rate reported in the present study is likely to be an underestimate because of ascertainment bias: patients with a hernia who did not present for diagnosis or treatment because of symptoms would probably have been overlooked. A detailed long-term prospective study over at least a decade would be required to address this formally. However, these data are similar to those reported by Howdieshell and colleagues 24 , who followed 88 patients who had undergone TAC for a mean of 4 years and found that 17 per cent had developed a hernia. In addition, it is not clear whether hernias so small or asymptomatic that they do not cause the patient to present to a doctor are significant with regard to service provision.
The only previously published British series of patients who had open abdominal management for trauma was carried out at the UK field hospital, Camp Bastion 25 . In that study, 47 (85 per cent) of 55 surviving patients who had TAC were able to undergo DPC. This is slightly lower than, but roughly comparable to, the rate of 94 per cent reported in the present study, and the significance of the difference is unclear. It may, however, be due to the inclusion of a number of Afghan nationals in that series, for whom evacuation and subsequent reconstructive surgery was not feasible. Confounding factors that influence management decisions around treatment of local nationals (such as requirement to transfer into the host nation medical system) are beyond the scope of this paper.
In line with the changes in the UK Armed Forces to align with the recommendations of the National Security Strategy and Strategic Defence and Security Review, it is most unlikely that a military patient cohort of this size will be seen again in the foreseeable future. Although follow-up of a military cohort is likely to be easier than long-term follow-up of civilian patients after treatment of traumatic injury 26 , primary care data were available only up to the point of the patient leaving the military. If a patient had left the military because of abdominal problems, as either a medical discharge or self-initiated discharge because they no longer felt able to perform their duties, late complications including hernia development or bowel obstruction in the present patient cohort would not have been identified. Combined military and civilian primary care data for all patients up to a fixed time point after injury would more accurately portray differences between patients who had TAC and those who did not.
Patients in the TAC and EPC cohorts were of a similar age and had similar mechanisms of injury; patients who underwent TAC were significantly more injured and were given significantly more red blood cells in the first 24 h after injury. This was also true for patients who only had penetrating abdominal injury (ISS 20⋅5 in TAC group and 10⋅5 in EPC group). This means that outcome differences, such as the significantly increased ICU and hospital stays observed between the two groups, were almost certainly due to increased injury severity, rather than the use of TAC per se. It seems unlikely that an RCT of TAC versus definitive laparotomy in patients with abdominal trauma would now be possible, owing to lack of equipoise, or indeed considered ethical; future research is more likely to focus on techniques of haemostasis and TAC.
No evidence was found that the number of laparotomies, or the amount of crystalloid or red blood cell transfusion, was associated with an inability to undergo PFC. Additional accurate transfusion data up to the point of the second laparotomy might have elucidated this more clearly, but after leaving the deployed hospital on the aeromedical evacuation flight there was poor concordance between the JTTR data and medical notes, which were also spread between different folders and so may have had sections missing. These later infusion data could therefore not be relied on.
Because of the small number of patients who had an abdominal wall reconstructive procedure, it was not possible to draw any conclusions regarding the optimal implant material or technique. Only four patients who underwent TAC, and did not have significant abdominal wall loss or die before closure, were unable to have PFC. The small size of this group makes finding any cause or association for this non-closure difficult.
The adoption of damage control surgery has resulted in exceptionally high rates of survival for critically injured patients after laparotomy for combat injury. The logistical requirements to treat this cohort of patients (particularly transfusion support) are, however, high. Early postoperative complications rates are acceptable, and rates of abdominal complications are not significantly higher than those seen in less severely injured patients undergoing primary closure. In this series of combat laparotomies in British service personnel, 94 per cent underwent DPC after 2-7 relaparotomies. TAC is associated with relatively low rates of subsequent incisional hernia formation, but approximately one in eight patients in the present study developed incisional hernia, suggesting that more research is needed to determine optimal methods of fascial closure. Furthermore, some military patients require more complex forms of abdominal wall reconstruction, particularly when abdominal wall loss has occurred as a direct result of injury. Further study is required in this patient population to determine the optimal techniques for reconstruction.
